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AN ELECTRIC ASSISTED TURBO WITH
CENTRIFUGAL CLUTCH AND AXIAL FLUX MOTOR
Bin Zhu, King Jin, Huan Wang

ABSTRACT
A traditional electric turbocharger (E-turbo) uses a radial flux motor coupled to the
turbocharger to provide additional power to the drive the compressor at low speeds. This
configuration is not compact and lacks satisfying transient response when motor is
powered off because of high inertia of the wheel rotor system. This article proposes a
novel E-turbo configuration that uses an axial flux motor and a centrifugal clutch so that
the E-turbo is more compact with more flexible connection between motor and wheel rotor
system.

1. INTRODUCTION

A turbocharger increases the power available to an internal combustion engine by making
use of the dynamic energy present in the rapidly moving exhaust gas emitted at the end
of each cycle. A turbocharger consists of a turbine, a compressor and a center housing.
The turbine wheel in exhaust gas path and the compressor wheel in intake charge path
are connected by a common shaft supported by the center housing. The turbine is set
into rotation by the exhaust gas stream from the engine and thus drives the compressor.
The compressor increases the pressure in the intake tract of the turbocharged engine,
such that as a result of said compression a greater quantity of air enters the cylinders of
the engine during the intake stroke than in the case of a naturally aspirated engine. As a
result, the mean effective pressure of the engine and its torque increase, which
significantly raises the power output. The shaft on which the turbine wheel and
compressor wheel are mounted rotates at extremely high speeds in the order of 100,000
to 150,000 revolutions per minute.
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At medium to high engine speeds, there is an abundance of energy in the engine exhaust
gas stream. Hence, over this operating speed range, the turbocharger is capable of
supplying the engine cylinders with the air needed for efficient combustion and desired
power output. However, at very low engine speeds, there is insufficient exhaust gas
energy to produce significant levels of intake air charge pressure. As a result, there is
appreciable time lag between the time when the throttle is opened for the purpose of
accelerating the engine from low speeds, such as idle speed, and when the turbocharger
rotor is spinning fast enough to produce enough air charge pressure (boost pressure) to
produce the desired acceleration.

The turbo lag period and deficiency in performance of the turbocharger at low engine
speed and during acceleration can be mitigated by using an external power source to
assist the turbocharger in responding to engine speed and load demand. One such
method is to use an external electrical energy supply, such as energy stored in DC
batteries to power an electric motor attached to the wheel rotor system of turbocharger
that applies torque to the wheel rotor system to maintain or increase its speed at low
engine exhaust flow rates. This turbocharger configuration is known as motor assisted
turbocharger or simply electric turbocharger (E-turbo).

Fig. 1 shows a typical E-turbo configuration. It has a radial flux motor mounted on the
same shaft of the traditional wheel rotor system.
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Fig. 1 A typical E-turbo configuration (Source: Electrically Assisted Turbocharger for the 48-V
Board Net, Dabbabi, J. et al. 2017)

One of the shortcomings of this configuration is that it is not compact because of radial
flux motor that lacks power density. Also, the wheel rotor system has high inertia that
affects the transient performance of the system as the motor magnetic (part of motor’s
rotor) is always a part of the wheel rotor system especially when the motor is not providing
torque.
2. PROPOSED SOLUTION OF THE PROBLEM

This proposed design uses an axial flux motor and a centrifugal clutch for an E-turbo that
results in a compact machine with the improved transient performance. The axial flux
motor being a compact machine (with higher power density) reduces the axial span of the
turbo machine. The centrifugal clutch is used to selectively engage the motor depending
on the availability of exhaust gas energy. This potentially allows the use of a smaller motor
further reducing the turbo package. When the exhaust energy is not sufficient for the
acceleration of turbocharger, the clutch engages the motor to drive the wheel rotor system
in conjunction with the exhaust power. When the exhaust energy is sufficient to drive the
wheel rotor system, the clutch dis-engages the motor and the wheel rotor system will be
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spinning with less inertia. The new configuration delivers the same power at a smaller
size due to axial flux motor's higher power density. The centrifugal clutch does not need
a special maintenance as it is lubricated by oil and has a robust design.

Fig. 2 and Fig. 3 show two novel E-turbo configurations using axial flux motor integrated
with centrifugal clutch. The center housing and wheel shaft are re-designed to adapt the
centrifugal clutch and the electric motor. Fig. 2 shows axial flux motor and centrifugal
clutch at one end of the center housing. Fig. 3 shows axial flux motor and centrifugal
clutch inside the center housing.

Fig. 2 E-turbo with axial flux motor and clutch at one end of center housing

Fig. 3 E-turbo with axial flux motor and clutch inside center housing
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In Fig. 4, the motor consists of a stator, a magnet yoke, a coil array (axial flux type), a
hollow shaft, ball bearings, and a rotor assembly. The rotor assembly consists of a rotor,
a permanent magnet array (axial flux type), claws, springs, and pins. The stator is fixed
to the center housing. The permanent magnet array is mounted on the rotor housing.

Fig. 4 Components of axial flux motor and centrifugal clutch

Fig. 5 shows details of wheel rotor system that consists of a compressor wheel, a shaft,
a turbine wheel, a rachet, a thrust pacer, and a lock nut. The rachet, the compressor
wheel and the thrust spacer, which are press-fitted onto shaft and tightened by the lock
nut, rotate along with the shaft. The turbine wheel welded with shaft, rotates along with
shaft as well. The wheel rotor system is supported on bearings in the center housing.
The motor is integrated with a centrifugal clutch.
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Fig. 5 E-turbo with axial flux motor – Wheel rotor system

When the rotor assembly reaches a certain speed, the bigger side of the clutch’s claw
as shown in Fig. 5 overcomes the spring pre-load and moves radially outwards with
respect to the rotor due to the centrifugal force. Meanwhile the claw's smaller side which
is pivoted by the pin, moves inwards to the rachet groove. The claw and the rachet
groove have a unique wedge design. If the motor torque for the rotor assembly is higher
than the torque of wheel rotor system driven by exhaust gas, the claw and rachet are
engaged tightly due to the wedge's steep slope. Thus, the rotor assembly and the wheel
rotor system rotate together. This process is called clutch-in. When the torque of the
wheel rotor system driven by exhaust gas is higher than motor torque including the
motor power-off condition, the wedge's mild slope will help to dis-engage the claw and
the rachet. This process is called clutch-out. The clutch default position is clutch-out
position (motor is powered off).

Fig. 6 shows the outline profiles of the rotating parts at clutch-out and clutch-in
positions. In normal operation of E-turbo, the motor is powered off, the clutch is in
clutch-out position, and the E-turbo acts as a traditional turbocharger. In rapid
acceleration operation of E-turbo (vehicle rapid acceleration), the motor is powered on
with the clutch in clutch-in position, and the motor acts as an electric-assisted turbo.
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Fig. 6 Rotating parts in Clutch-out and Clutch-in positions

4. ADVANTAGES OF THE PROPOSED SOLUTION

This novel design of E-turbo uses an axial flux motor and a centrifugal clutch to provide
a more compact machine. It has following main advantages:
•

More compact design of E-turbo axial span by applying axial flux motor

•

Improved transient performance when motor is powered off because of less
system inertia by centrifugal clutch
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